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Kak aHanu3 akTUBHOCTHU cyGTanaMuqecuoro aapa i dod

MOXXeT noMoyb ynyqywutb DBS-ctumynauuio
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AHHOTALMA
BonesHb lMapkuHcoHa (BIT) — BTOpOE B MMpe No pacnpocTpaHEHHOCTH HeWpofereHepaTMBHOe 3aboneBaHue, CBA3aHHOE C Ae-
rpapaumen oGpaMMHIPTMYECKMX HEMPOHOB B YEPHOM cybcTaHumW. OCHOBHBIMK ABUraTenbHbIMM cuMnToMamm Bl aBnAtoTcaA
TUMOKUHE3WA (3aMeANEHHOCTb U 3aTPYAHEHHOCTb MPOMU3BOMbHBIX ABUMKEHWIA), PUTMEHOCTb (HANPAMEHHOCTb MbILLILL) Y TPEMOP.
[naBHble Cnocobbl CHUMEHWA BbIParKEHHOCTM CMMNTOMOB Npu bl — 3T0 MeMKaMeHTO3HasA TepanuA, B pamMKax KOTOpPOM
NPUMEHSETCA NpeaLIeCcTBEHHUK AodaMMHa NeBofoNa, U rnybuHHasa cTuMynauma mosra (deep brain stimulation, DBS). Mu-
weHammn ana DBS npu Bl aBnsioTcA agpa cucteMbl 6asanbHbix raHriMeB — cybtanamuyeckoe agpo (CTA) unm BHyTpeH-
HWI cerMeHT bnegHoro Luapa.
[Jo cvx nop cywwectByet npobnema nogbopa nporpamMebl CTUMyNALMK. Beibop Hanbonee yaauHoro KoHtakTa ana DBS npo-
MCXOQMT 3KCNEPUMEHTANIBHO Ha OCHOBAHUM KIIMHWYECKUX HAbMIOOEHUI, YTO ABNAETCA CNOMHOW M TPYAOEMKON npoLeny-
poi. Bo3MOMHbBIN NyTb ONTUMKU3ALUM — aHaANM3 HEMPOPU3MONOrMYECKON aKTUBHOCTM Apa W BbIABIEHWE NATTEPHOB,
XapaKTepHbIX AN KOHTaKTOB, HaMbosiee NEPCNEKTUBHBIX C TOUKM 3PEHWA KIIMHUYECKOTO YYULLIEHMA.
CyLLiecTBYIOT MCCe[0BaHMA, M3yYaloLLMe CBA3b SIOKaNbHbIX MOTEHLMANOB C KIMHUYECKUM YNYULLEHUEM, HO 06LLENPUHATO-
ro MeTofa Bbibopa napameTpoB CTUMYNALMM Ha ocHoBe akTuBHocTM CTA ewg Het. Hanpumep, J.N. Strelow c coaBT. npe-
3eHTOBaNM MeTo[ Bbi6OPa KOHTAKTOB [ANIA CTUMYMALMM HA OCHOBE JIOKasbHbIX MOTEHLMaNnoB cybtanammuyeckoro agpa [1].
Pa3spaboTaHHbIi rpynnoi MeToq faBan 3GGEKTUBHOCTb HE XyHe, YeM Noabop Ha OCHOBAHWMM KIIMHUYECKUX HAbMoaeHUN.
Mpu 3TOM MCMONb30BasNCA eAMHCTBEHHbINA NapaMeTp aKTUBHOCTM — MOLLHOCTb OCLMANALMMA B LUIMPOKOM 6eTa-Auana3oHe.
Mbl npeanonoXkuMnK, YTo NpefcKasaHue Hanbonee 3GGEKTUBHLIX KOHTAKTOB MOXHO CAenaTh 60siee TOUHBLIM 3a CHET BKIO-
YeHMs B aHanu3 6osbLUEro YM1C/a NapaMeTpos.
Lienb pa6otbl. [Tovck napaMeTpoB aKTMBHOCTM CybTanaMMyecKoro Aapa, CBA3aHHbIX C KIMHUYECKUM YNyYLLIEHWEM Mocne
rnybuHHon ctumynauum (DBS).
B uccnenosanue 6bino BRtoueHo 12 CTA y 6 naumeHToB ¢ 6onesHblo [apkuHCOHA 0T 44 fo 62 net (cpegHee 52,8 ner,
CT. OTKN. 8,2 rofia) C aKMHETUKO-pUrnaHoM dopMor 3aboneBaHuaA (QOMUHMPYIOLLME ABUraTeNbHbIE CUMMTOMbI — FUMOKU-
HE3WA M PUrMHOCTL). Bee NauMeHTb NpoOLLY onepaLmMio Mo YCTAHOBKE 3NEKTPOAOB ANA FYOUHHOM CTUMYNALMM (Hanpas-
NeHHble BOCbMUKOHTaKTHble anekTpoasl St. Jude, CLUA) 6vunonapto B CTA ¢ BpeMeHHbIM Hapy*HbIM BbIBEAEHWEM.
C MMNNaHTMPOBaHHBIX 3MEKTPOLOB 3anyMCbiBanM NoKanbHbIe NoTeHuMansl B 1 1 5 gHW nocne onepaumu. Mbl aHanu3mpoBsa-
7 Nepvofbl CNOKoMHOro 6oapcTBoBaHMA Ao npueMa nesogonsl (OFF-cocToAHWe) u nocne npueMa neBofonbl (COCToAHME
BKITIOYEHUA).
KnuHuyeckne cuMntoMbl oueHmBan Heponor no wrane UPDRS 3. T'MnokuHe3na v purngHocTb oLeHMBanach A neson
1 NpaBou cTOPoH Tena. OLeHKy Npov3BoaMAM 3a [eHb [0 onepaLuuy 1 Yepes 6 MecALeB nocne uMnnaHTauum DBS-cuctemsl
(B TEYEHME 3TOTO BPEMEHU CTUMYAALMA NMPOUCXOAMAA MO O4HOM nporpamMe). [Ins aHanu3a UCnonb3oBau yCpeaHEHHbI
MoKa3aTesb YAYYLEeHWA N0 PUrMAHOCTY M TUMOKMHE3UK. [lapaMeTp «ynyudlleHne» — T0 ecTb IQPEKT CTUMyNALMM — pac-
CUUTLIBaNM No CregyloLen Gopmyne:

(r0-r1)/r0+(g0—g1)/g0)/2,
roe r1 — oueHKa pUrMgHocTM nocne cTUMynAuMK; r0 — oLeHKa purngHocTv fo onepaumu; g1 — oLeHKa rMnoKMHe3nn
nocne ctumynsaumum; g0 — oueHKa rMNOKUHE3UM [0 ONepaLyy; Bce OLEHKM bbinu B3ATbI AnsA coctoaHus OFF.
MpenBapuTenbHylo 06paboTKy 3ammMceit OCyLLeCTBASAM C NOMOLLbIO CKPUNTOB C Mcnonb3oBaHWeM naketa MNE Python.
Ha ocHoBe cMrHanoB 0T 8 KOHTAKTOB KaXKAoro 3MeKTPoAa Mbl paccumTany 15 6UNoONAPHLIX CUrHaNoB, B aHanU3 BKIIOYMNW
T W3 HWX, KOTOPbIE COOTBETCTBOBANIN 06M1ACcTU CTUMYNALMM.
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Ha 6unonsapHbIx curHanax bbin npoBefEH CreKTpanbHbIA aHanms: CneKTpanbHan NioTHOCTb MOLLHOCTM CUrHana bbina pac-
cymMTaHa no MetoAy Yanya 4nA vactot ¢ waroM B 1 'y B AnanasoHe 1-49 'y anA Kawporo bunonapHoro KoHtakTa. M3 no-
Jly4YEHHbIX CMIEKTPOB BbIYIM anepuoUHYECKYI0 KOMMOHEHTY ¢ noMollbio MeTofa fooof [2] u paccunTanm cpefHee 3HayeHue
CMEKTPanbHOM MIOTHOCTM MOLLHOCTM B CieflyIoWMX YacTOTHbIX AuManasoHax: Teta- (4—7 'u), anbda- (8—12 I'y), HM3Koua-
cToTHbIN (13-19 'u) 1 BbicoKouacToTHbIN (20-30 L) 6eTa-noaaManasoHbl, HU3KOYACTOTHbIN raMMa-aunanasoH (31-49 u).
KpoMe Toro, Mbl cienany aHanu3 naveKk 1A Kawporo AvanasoHa: BbIAENUAM M3 UCXOLHOM0 CUrHana navku (nepuogsl
MOBbILLEHHOM MOLLHOCTK, B 1Ba pa3a NpeBbILLaloLLe MeANaHHOe 3HaYeHMe Mo 3anncK) U paccumTani oja HUX pag napa-
METPOB: CpeHAA ANMHA NayKM, CTAHOAPTHOE OTKMIOHEHME AJIMHbI, 4acToTa Mayek.

CratucTMyecKuin aHanms ocyliecTenanm B cpege R. [Inf BbIABNEHWA NapaMeTpoB, aCCOLMMPOBAHHBIX C KITMHUYECKUM YITyY-
LLIEHNEM, UCMOMb30BaM PErPECCUOHHBIN aHanu3. B KavecTBe 3aBUCMMON NepeMeHHON B MOAESb BBENM 06LLee ynyUlLeHue
M0 FUNOKUHE3UM U PUrMIOHOCTU. BblgeneHHble napamMeTpbl NoKanbHbIX NOTEHLMAN0B A Kax[aoro YacToTHOMO Mana3oHa
“ ans OByx coctoaHui naumeHToB (ON 1 OFF) BKNiounnu B NMHENHYI0 perpeccUoHHy0 MoJefb B KauecTBe (aKTopoB, 3a-
TeM MOfefb YNpOCTUIM, UCKIIOUMB (aKTOpbI, He BHOCALLME BKNAZA B YNyuLIEHUe MOAENM U JEMOHCTPUPYIOLLME BbICOKME
Kpocc-Koppenauum (r >0,8).

AHanu3 BbIABUA TPM YaCTOTHBIX [MaNa3oHa, CBA3aHHbIX C KIMHUYECKUM YNyULLeHWeM: anbda-, HU3KOUACTOTHBIN U BbICO-
KO4acTOTHbIV 6eTa-aMana3oHbl; NPUYEM CBA3b C YydlLeHMeM bbina 0bHapyXKeHa AnA napamMeTpoB akTMBHOCTM M B ON-,
n B OFF-cocToAHMAX NaLueHToB.

OuHanbHasa Mogenb (R2=0,55; p <0,001) nokasana 3HauMMylo MpAMYI0 CBA3b MY KNMHUYECKUM YTyuLLIEHUEM U crefly-
0LLMMM GaKTOPaMM: MOLLHOCTbH) HU3KOYacTOTHOM beTa-akTuBHOCTM B OFF-cocToAHMM naumenTa (p <0,001), MowHOCTbIO
anbga-axktneHoctn B ON coctosnum (p=0,03).

06paTHLIM 06pa30M C KIIMHWUYECKUM YNy4LleHNeM bbiny cBA3aHbI HaKTOpbI: MOLLHOCTb BbICOKOYACTOTHOM 6eTa-aKTUBHOCTM
(p=0,018) B ON-cocTosHMK, [ONA BbICOKOUACTOTHLIX beTa-navek (p=0,01) B ON-coCTOAHUM, CTAHOAPTHOE OTKNOHEHME Ofu-
Hbl anbda-nayek B OFF-cocToaHum (p=0,006) u nonsa anbda-navek B ON-coctosHum (p <0,001).

CBA3b MOLLHOCTM B HM3KOYACTOTHOM BeTa-AManasoHe C KIMHUYECKUM YNyYLLeHUeM COOTBETCTBYET AaHHLIM NMTepaTypbl
[3], napaMeTpbl Na4e4yHOM aKTMBHOCTM B beTa-AmManasoHe TaKMKe, MO HEKOTOPbIM [JaHHbLIM, CBA3aHbl C ynydleHueMm [4].
0pHaKo Mbl 0BHapYMKMMK, YTO HM3KOYACTOTHbIE M BbICOKOYACTOTHbIE 6€Ta-0CUMANALMM acCOLMMPOBaHbI C YNyYLLIEHUEM
M0-pasHOMY, a TaKKe Mbl 06HaPYHKMIM CBA3b YNYULLEHMA C anbda-aKTUBHOCTbIO. Ha 0CHOBaHWM MOMyYeHHbIX pe3ynbTa-
TOB MOMHO NMPEANosoXKNTb, YTO NS Bbloopa Hanbonee 3PEKTUBHBIX KOHTAKTOB AA CTUMYNALMM MOMHO MCMOJb30BaTb
pAQ MapaMeTPOB JloKanbHbIX noTeHuuanoB CTA, KoTopble He OrpaHMYMBAIOTCA MOLLHOCTBIO B LUMPOKOM beTa-auanasoHe,
a BKJIOYAIOT MapaMeTpbl Nayek U MOLLHOCTb Kak B 060Mx 6eTa-, Tak 1 B a/bpa-amanasoHe U MMEIOT pasHOHaNpaB/eHHble
CBA3U C KIIMHWUYECKUM YNYYLLEHUEM.

Kniouesblie cnoBa: 6onesHb lapkuMHcoHa; cybTanammyeckoe AAPO; FTMNOKMHE3NA; PUTMAHOCTb; FNYBUHHAA CTUMYNALMA
MO3ra; JIOKasbHble NOTEeHLMAbI.
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ABSTRACT
Parkinson’s disease (PD) is the second most prevalent neurodegenerative disease globally, associated with the degeneration
of dopaminergic neurons in the substantia nigra. The key motor symptoms of PD comprise bradykinesia (voluntary movement
slowness and difficulty), rigidity (muscle stiffness), and tremor.
The primary methods to alleviate the extent of indicators in PD are drug therapy using the dopamine precursor levodopa and
deep brain stimulation (DBS). The targets for DBS in PD are the nuclei found within the basal ganglia system, specifically
the subthalamic nucleus (STN) or the internal segment of the globus pallidus.
There remains an issue of selecting the optimal stimulation program. Identifying the most efficient contact for DBS is
a complex and time-consuming process made through clinical observations. One possible way to optimize this process
is by analyzing neurophysiological activity of the nucleus and identifying patterns characteristic of the contacts that hold
the greatest promise for clinical improvement.
Several studies have investigated the association between LFP and clinical improvements, yet a widely accepted method for
choosing stimulation parameters based on STN activity has not been established. The method proposed by Strelow et al. for
selecting stimulation contacts based on LFP in the STN is one example [1]. The group’s developed method showed the same
efficiency as clinical-driven selection, using only oscillation power in the broad beta range as the activity parameter. Our
hypothesis suggests that including more parameters in the analysis could enhance the accuracy of predicting the most
effective contacts.
Thus, the study aimed to identify the subthalamic nucleus activity parameters associated with clinical enhancement post-DBS.
The investigation enrolled six patients with PD aged from 44 to 62 years of age (mean 52.8 years, std. 8.2 years) who
exhibited akinetic-rigid disease symptoms, namely bradykinesia and rigidity. A total of 12 STN were studied. Implantation
of DBS electrodes was carried out in the STN using directional 8-contact electrodes made by St. Jude Medical (USA) with
externalization of temporary leads.
LFP recordings were obtained from the implanted electrodes on the first and fifth post-operative days. We examined
periods of wakeful rest prior to and following levodopa administration, which we refer to as the OFF-state and ON-state,
respectively.
The neurologist assessed clinical symptoms using the UPDRS Il scale, evaluating rigidity and bradykinesia on both the left
and right sides of the body. The assessment occurred one day prior to surgery and six months after the DBS system was
implanted (with consistent stimulation programming during that time). The analysis used the mean improvement in rigidity
and bradykinesia. The formula used to calculate the improvement parameter, or the effect of stimulation, is as follows:
(r0-r1)/r0+(g0—g1)/g0)/2.
In this equation, r1 represents the rigidity score after stimulation, r0 represents the preoperative rigidity score, g1 rep-
resents the bradykinesia score after stimulation, and g0 represents the preoperative bradykinesia score. All scores were
measured during the OFF state.
Recordings were preprocessed using scripts based on the MNE Python software package. We computed 15 bipolar signals
using signals from 8 contacts on each electrode. Only those within the stimulation area were used in the analysis.
Spectral analysis was conducted on the bipolar signals, where the power spectral density (PSD) was determined using
the Welch method on frequencies ranging from 1-49 Hz with a 1 Hz increment for each bipolar contact. The obtained
spectra underwent an aperiodic component subtraction through the fooof method [2], following which the average PSD was
obtained for various frequency bands, including theta (4—7 Hz), alpha (8—12 Hz), low (13—19 Hz) and high (20-30 Hz) beta
subbands, and the low gamma range (31-49 Hz).
Additionally, bursts within each frequency band were analyzed by extracting periods of increased power spectral density
(twice the median value of the recording) from the local field potentials. Various parameters were then calculated for these
bursts, including mean burst duration, standard deviation of burst duration, and burst percentage.
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Statistical analysis was conducted with R software. The regression analysis aimed to identify parameters linked to clinical
improvement. Total improvement in bradykinesia and rigidity served as the dependent variable for the model. Selected LFP
parameters for each frequency range and medication state (ON and OFF) were used as predictors in the linear regression
model. Factors that did not contribute to model improvement and had high cross-correlations (r >0.8) were excluded to
simplify the model.

Analysis uncovered three frequency bands associated with clinical improvement: alpha, low beta, and high beta. A correla-
tion between STN activity parameters and improvement was found in both the ON and OFF states.

The final model (R2=0.55, p <0.001) revealed a noteworthy direct link between clinical improvement and the subsequent
factors: decreased beta PSD in the OFF state (p <0.001), and increased alpha PSD in the ON state (p=0.03).

Factors associated with lower clinical improvement included high beta PSD in the ON-state (p=0.018), percentage of high-
beta bursts in the ON state (p=0.01), standard deviation of alpha burst duration in the OFF state (p=0.006), and percentage
of alpha bursts in the ON state (p <0.001).

Low beta-band power’s association with clinical improvement is consistent with prior literature [3], and beta burst activity
parameters have previously been linked to improvement [4]. However, we discovered differential associations with im-
provement for both low and high beta oscillations, and an additional association with improvement for alpha activity. Based
on our findings, we suggest that several STN LFP parameters beyond broad beta power, such as bursts and PSD within
alpha, low-beta, and high-beta bands, are associated with clinical improvement. These parameters could be used to deter-
mine the most effective stimulation contacts. The evaluation of these parameters requires further investigation.

Keywords: Parkinson'’s disease; subthalamic nucleus; bradykinesia; rigidity; deep brain stimulation; local field potentials.
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